Although adrenal incidentalomas (AI
I
NCIDENTALLY DISCOVERED ADRENAL masses [adrenal incidentalomas (AI)] have been frequently detected in recent years, because of the increasing use of abdominal imaging techniques (1) (2) (3) (4) . Endocrinological work-up shows that the great majority of these lesions are adrenocortical adenomas, and some of these patients present a subtle degree of cortisol hypersecretion (5) (6) (7) (8) (9) (10) (11) , which is commonly defined as subclinical hypercortisolism (SH). Several previous studies suggested that SH lead to several complications, including bone loss (12) (13) (14) (15) (16) (17) (18) (19) .
However, several issues remain unresolved about bone involvement in SH. First, the effect on bone mass of gonadal status in SH patients, particularly, volumetric trabecular bone mass, which is the one mainly affected by both SH and hypogonadism, should be assessed. Second, the prevalence of fractures, which is the outcome of SH and hypogonadism on bone, should be evaluated.
We investigated the volumetric trabecular bone mineral density (BMD) of lumbar spine (L1-L4) by single energy quantitative computed tomography (QCT) as well as the prevalence of vertebral fractures in a relatively large sample of female AI patients, looking for the relative influence of gonadal status and SH.
Subjects and Methods Subjects
Only female subjects were studied, to avoid gender-related confounding effects on the skeleton (20) . Ninety-three AI female patients, referred to our center between September 1997 and November 2002, were retrospectively evaluated. Twenty-three patients receiving treatments known to affect bone or affected by diseases known to interfere with skeletal or mineral metabolism were excluded from the study. Data analysis was then performed on the remaining 70 patients. Eighty-four healthy female subjects (23 premenopausal and 61 postmenopausal) collected between January 2001 and December 2002 were selected as controls.
Diagnosis of AI was based on the presence of an unilateral adrenal mass by noninvasive abdominal imaging techniques, performed for unrelated diseases, and the lack of overt signs and/or symptoms of hormonal hypersecretion. No subject had evidence of metastatic disease. At computed tomography, all lesions were homogeneous, hypodense, and well shaped, features compatible with the diagnosis of adrenocortical adenoma (4) .
Diagnosis of SH was based on the presence of at least two out of the following three alterations of the hypothalamic-pituitary-adrenal axis (11): 1) urinary free cortisol (UFC) levels above 70.0 g/24 (193.1 nmol/24 h), the cut-off of both our own and international (21) normal reference values; 2) serum cortisol levels after a 1-mg overnight dexamethasone suppression test above 3.0 g/dl (82.8 nmol/liter); and 3) ACTH levels below 10 pg/ml (2.2 pmol/liter). No patient with SH showed clinical features compatible with Cushing's syndrome (i.e. striae rubrae, moon face, buffalo hump, or hirsutism); moreover, no patients reported acute back pain. 
Methods
In all AI patients, serum and urinary samples were collected at 0800 h. Serum cortisol and UFC levels (after dichloromethanol extraction) were determined immunofluorimetrically by TDX-FLX kits (Abbott Diagnostika, Wiesbaden-Delkenheim, Germany); serum ACTH levels (mean of three determinations at 20-min intervals) were measured by immunoradiometric assay (BRAHMS Diagnostica, Berlin, Germany).
In all subjects, spinal L1-L4 BMD was measured by single energy QCT using a CT 600S scanner (Toshiba Medical System Division, Tokyo, Japan; in vivo precision, 1.8%) and a nonsimultaneous calibration system (Lumbar Reference Simulator, CIRS, Norfolk, VA). The region of interest (ROI) in the axial plane was carried out by manually placing an elliptical ROI in the trabecular part of the vertebral body. After performing the scan, the average attenuation in the ROI was measured in the image, compared with the attenuation values of the reference standard, and finally expressed in mineral equivalents in milligrams per cubic centi- 
Age ( meter. Individual BMD values were expressed as sd units (z-values) in relation to reference population of our center, which includes 382 healthy female subjects (22) .
Conventional spinal radiograph in lateral (T4 -L4) and anteroposterior (L1-L4) projections were obtained in all subjects using a standardized technique. Two trained radiologists, who were blinded to the individual's status (patient or control subject), BMD, and hormonal results, reviewed the radiographs independently. The two radiologists discussed questionable cases to agree on a diagnosis. Vertebral fractures were diagnosed on visual inspection using the semiquantitative method previously described by Genant et al. (23, 24) . According to this technique, fractures assessed on lateral thoracolumbar spine radiographs were defined as reductions of more than approximately 20% in anterior, middle, or posterior vertebral height and were graded by severity. 
Statistical analysis

Results
Descriptive statistics of patients and controls are reported in Table 1 . Data regarding pituitary-adrenal axis function (i.e. serum cortisol levels after a 1-mg overnight dexamethasone suppression test, ACTH, and UFC) were consistent with the diagnostic criteria of SH previously mentioned. In addition, in group Post, but not in group Pre, bone mass, after adjustment for weight and height, was significantly lower in SH ϩ than in controls and SH Ϫ patients ( Table 2 ). The same results were observed without adjusting BMD for height and weight or without considering subjects with BMI greater than 40 kg/m 2 (data not shown). The multivariate linear regression analysis, after correction for weight and height, showed that although both SH and gonadal status were independent significant predictors of BMD, they did not interact with each other in influencing bone mass (Table 3A) .
In the whole sample, 30 patients (42.8%) and 23 controls (27.3%) showed at least one vertebral fracture. The severity degree was mild (grade 1) in 27 patients and in 22 controls, and moderate (grade 2) in three patients and one control subject. In both groups Pre and Post, the prevalence of patients with fracture was higher in SH ϩ than in controls and SH Ϫ patients (Table 2 and Fig. 1 ). Taking into account more than one fracture in the same patient, in group Post we observed five control subjects and seven patients with two fractures (three SH Ϫ and four SH ϩ ). Interrater reliability between two radiologists was good (k ϭ 0.87).
Logistic regression analysis showed that SH and gonadal status were significant predictors of the prevalence of fractures (Table 3B ). However, gonadal status after adjusting for age was not a significant predictor of fractures (P ϭ 0.073) with this sample size (Table 3C ). SH and gonadal status did not interact each other in influencing fractures (Table 3 , B and C). Separately analyzing Groups Pre and Post, SH significantly predicted fractures only in the latter group [group Pre: odds ratio (OR), 12.66; 95% confidence interval (CI), 0.83-192.70; P ϭ 0.068; group Post: OR, 4.69; 95% CI, 1.10 -20.00; P ϭ 0.037]. Finally, high BMD z-values significantly predicted a low prevalence of fracture in AI patients (OR, 0.50; 95% CI, 0.31-0.80; P ϭ 0.004).
Discussion
This is the first study evaluating the effect of subclinical cortisol hypersecretion and gonadal status on spinal volumetric trabecular bone density and vertebral fractures in a large sample of patients with AI. Our data clearly show that subtle hypercortisolism is associated with a high prevalence of fractures independent of gonadal status. In addition, trabecular volumetric bone mass at the lumbar spine was affected by SH regardless of gonadal status, as indicated by multivariate analysis, although BMD was mainly affected among postmenopausal women. Interestingly, the detrimental effect of subclinical cortisol hypersecretion on the vertebrae accounts for the very high prevalence of fractures we found in our AI patients, which exceeds the corresponding figures in the control group. It is also worth noting that the high number of vertebral fractures was clinically unexpected, because no patient reported back pain. The vast majority of the fractures were mild and were not detectable without an accurate morphological evaluation of the radiographs.
Logistic regression analysis showed a significant influence of gonadal status on fractures, even if it was lost when including age in the model. This result is probably due to the fact that age partially conceals the effect of menopause.
The higher prevalence of vertebral fractures in AI patients in the presence of SH is only partially explained by the reduced spinal BMD. We hypothesize that subtle cortisol excess may exert an integrated detrimental effect on trabecular bone quality, as previously suggested (19) . The negative influence of SH on connective tissue (25) and muscle strength could also contribute to the increased fracture risk. The deleterious effect of SH on the quality of trabecular bone and on connective tissue may also explain the unexpected increased prevalence of fractures we found in premenopausal AI women with subclinical hypercortisolism; nevertheless, this finding needs to be confirmed on a larger sample of premenopausal AI patients with SH.
Our data on BMD are in line with previous results obtained by our and other groups in relatively small samples of AI patients, in which spinal areal (determined by dual energy x-ray absorptiometry) and volumetric (by QCT) bone density were cross-sectionally and longitudinally evaluated (12, 15, 18) . Our current findings are interesting, because QCT directly measures the volumetric bone density of a cubic slice of trabecular vertebral tissue, whereas DXA devices only provide its indirect estimate (26, 27) . Thus, as trabecular bone tissue is noticeably affected by glucocorticoid excess (28) , the QCT technique, although it appears to be more apt to accurately identify the effect of SH, confirms the results obtained with DXA in a small sample (12) .
Collectively taken, our data confirm the need to study trabecular bone mineral density at the spine at least in postmenopausal patients with AI and suggest that thoracolumbar spine radiographs should be obtained in AI patients with subtle hypercortisolism. In these subjects, indeed, the detection of glucocorticoid excess complications, such as the reduction of bone mass and/or the presence of vertebral fractures, becomes one of the pivotal criteria when deciding whether these tumors deserve surgical excision.
In conclusion, female AI patients with SH display increased fracture prevalence together with low BMD at the lumbar spine; the latter is being particularly affected in postmenopausal subjects. These findings should be taken into account when addressing the treatment of choice in patients with adrenal incidentalomas.
